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ENGLISH SUMMARY 
This doctoral dissertation addresses multi-methodological approaches to in-
vestigate the LUT in health and disease, and starts with a general overview 
of LUT function and dysfunction. 
In the first study (Chapter 2), we examined the value of surveillance urethro-
cystoscopy in patients with NLUTD. It has been reported that patients with 
NLUTD, mostly due to SCI, are at an increased risk for bladder cancer. In the 
framework of the largest prospective study to date, we used the data of 129 
consecutive individuals suffering from NLUTD for at least 5 years. Using sur-
veillance urethro-cystoscopy, we found relevant histological findings, includ-
ing bladder cancer, in 5% of our patients suffering from NLUTD for at least 5 
years. Contrasting most of the existing literature, our results suggest that sur-
veillance urethro-cystoscopy is necessary. As a result of this study new guide-
lines advocating for the inclusion of every individual with NLUTD in the sur-
veillance urethro-cystoscopy program were introduced.  
In the next study (Chapter 3), we investigated the overall incidence of AD and 
repeatability of cardiovascular changes in a series of 33 consecutive women 
with suprasacral SCI suffering from NLUTD. All patients underwent same ses-
sion repeat UDI and synchronous continuous cardiovascular monitoring (SBP, 
DBP, and HR). We found a high overall AD incidence during UDI. Furthermore, 
patients with AD presented with significant increases in SBP and DBP as well 
as a significant decrease in HR compared to those without AD. The repeata-
bility of AD between the two-same session UDIs was good. However, when 
applying the Bland and Altman method, wide 95% limits of agreement for dif-
ferences in same session SBP, DBP and HR indicated poor repeatability. This 
study yielded important results into the field of neuro-urology, as there were 
no women-specific data available before. As a result of our study, the follow-
ing recommendation has been imbedded into the European Association of 
Urology’s Guidelines on Neuro-Urology: “Considering a high incidence of AD 
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with the relevant risks involved and poor repeatability of cardiovascular 
changes during UDI, continuous cardiovascular monitoring and reforming re-
peated measurements are strongly advised.”  
The aim of the next study (Chapter 4), was to evaluate whether UDI, the gold 
standard to assess refractory LUTS, is appropriate to select healthy volun-
teers (i.e. without LUTS) as control subjects for comparative studies. Forty-
two healthy subjects (22 women, and 20 men) were included into this pro-
spective single-centre cohort study, recording a 3-day bladder diary, com-
pleted validated questionnaires regarding LUTS, and underwent neuro-uro-
logical assessment as well as free uroflowmetry. All 3-day bladder diaries, 
questionnaires, neuro-urological assessments and free uroflowmetries were 
within normal limits. In spite of this, more than 70% of our healthy subjects 
had pathological UDI findings. Given these results, it seems that UDI is not 
applicable in healthy subjects to define normal LUT function. Therefore, we 
do not recommend using UDI to select healthy control subjects. 
The study presented in chapter 5 outlines our intent 1) to identify brain net-
works of supraspinal LUT control in healthy subjects and 2) to detect abnor-
malities within these networks in patients with non-neurogenic LUTS. In order 
to facilitate these goals, we will utilize structural and fMRI techniques (in cor-
relation with clinical measurements). This study aims to provide new insights 
into the supraspinal neuronal mechanisms and networks responsible for LUT 
control. The findings will help to verify, amend or adjust neuronal circuitry 
models established from findings in healthy controls, now in the context of 
patients with non-neurogenic LUTS. The use of newer imaging and evaluation 
techniques has the potential to serve as quantifiable outcome measures for 
therapy success and provide evidence for non-responders of LUTS treatment. 
Using structural and fMRI, the following study outline (Chapter 6) focuses on 
the investigation of the supraspinal LUT control in healthy subjects and indi-
viduals with SCI undergoing intradetrusor onabotulinumtoxinA injections to 
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treat NLUTD. This study focuses at identifying structural and functional alter-
ations in supraspinal networks of LUT control in SCI patients with NLUTD. 
Post-treatment MRI measurements in SCI patients will provide further in-
sights into the intradetrusor onabotulinumtoxinA injections’ effect on su-
praspinal LUT control. 
The last study (Chapter 7) reports about the applicability and precision of a 
novel IDD for standardized filling paradigms in neuro-urology and fMRI stud-
ies of LUT function/dysfunction. The IDD is based on electrohydrostatic actu-
ation which was previously proven feasible in a prototype setup. Our current 
design includes hydraulic cylinders and a motorized slider to provide force 
and motion. Methodological aspects have been assessed in a technical ap-
plication laboratory as well as in healthy subjects and individuals with LUT 
dysfunction undergoing fMRI during LUT stimulation. According to our results, 
we were able to develop an MR-compatible and MR-synchronized IDD to rou-
tinely stimulate the LUT during fMRI in a standardized manner. The device 
provides LUT stimulation at high system accuracy resulting in significant su-
praspinal BOLD signal changes in interoceptive and LUT control areas in syn-
chronicity to the applied stimuli. The IDD is commercially available, portable 
and multi-configurable. In our opinion, such a device may help to improve 
precision and standardization of LUT tasks in neuro-imaging studies on su-
praspinal LUT control, and may therefore facilitate multisite studies and com-
parability between different LUT investigations in the future. 
  
